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[57] ABSTRACI‘ 
An integrated JK-?ipflop circuit comprises two cross 
coupled inverters formed by a transistor and a resistor 
element connected in series therewith. Additional logic 
elements connect inputs of the ?ip?op to the cross-cou 
pled inverters. It is a goal to provide the ?ip?op circuit 
on the smallest possible semiconductor area. This is 
achieved since the transistors of the inverters are de 
signed as hot electron transistors, whereby each of these 
transistors is combined with one of the additional logic 
elements provided as a ?eld effect transistor to form a 
common component which assumes two transistor 
functions but only requires the area of one ?eld effect 
transistor. 

13 Claims, 4 Drawing Figures 
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INTEGRATED J K-FLIPFLOP CIRCUIT 
INCLUDING HOT-ELECT RON TRANSISTORS 

BACKGROUND OF THE INVENTION 

The invention relates to an integrated J K-?ip?op 
circuit formed of two cross-coupled inverters with each 
inverter comprising a transistor and a resistor element 
connected in series therewith. A ?rst circuit node be 
tween the transistor and resistor element in one of the 
inverters is connected to a control terminal of the tran 
sistor and the other inverter. The circuit node is also 
connected via a further inverter to a gate of a ?rst ?eld 
effect transistor having its source-drain path connected 
between the other circuit node and a terminal at refer 
ence potential. The gate of this ?eld effect transistor is 
connected to the reference terminal via an additional 
logic element whose control input represents a ?ip?op 
input. 
A ?ip?op circuit of this type is known from the book 

“Mikroelektronische Schaltkreise” by A. Moschwitzer 
and G. Jorke, VEB Verlag Technik, Berlin 1979, page 
121, FIG. 2.4ld, incorporated herein by reference. The 
additional logic elements therein are provided as ?eld 
effect transistors, whereby two of them have their 
source-drain segments connected parallel to the ?eld 
effect transistors of the cross-coupled inverters. 

SUMMARY OF THE INVENTION 

An object of the invention is to specify an integrated 
JK-flip?op circuit which can be realized on a signi? 
cantly smaller semiconductor area than can compara 
ble, traditional circuits. This object is achieved wherein 
transistors of the cross-coupled inverters are hot elec 
tron transistors of a tunnel emission type having an 
emitter layer, insulator layer, a base layer, and a collec 
tor layer. Each hot electron transistor of the cross-cou 
pled inverters is combined with a logic element of the 
further inverter which comprises a second ?eld effect 
transistor. The emitter layer of the hot electron transis 
tor is the inversion layer in the channel region of the 
?eld effect transistor. The base layer is a ?rst part of the 
gate electrode of the ?eld effect transistor, and the insu 
lator layer is disposed between the base layer and a ?rst 
part of the channel region of the ?eld effect transistor. 
The collector layer having a portion laterally project 
ing over the base layer, represents the remaining part of 
the gate electrode which covers the remaining part of 
the channel region of the ?eld effect transistor. 
The advantage attainable with the invention is that 

two respective ?eld effect transistors of the known 
J K-?ipilop circuit are combined into a single semicon 
ductor component which assumes two transistor func 
tions and only requires the semiconductor area of a 
single MIS ?eld effect transistor for its construction. 
The switching speed of the inventive ?ip?op is greatly 
improved in comparison to traditional circuits since the 
HET (Hot Electron Transistor) transistors present in 
the semiconductor components represent rapid switch 
ing elements and since the connecting lines between the 
transistors respectively combined into such components 
are eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an inventively designed JK-?ipflop; 
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2 
FIG. 2 illustrates the cross-section of a component 

shown in FIG. 1 which comprises an MIS ?eld effect 
transistor and a hot electron transistor; 
FIG. 3 shows a band structure diagram for explaining 

FIG. 2; and 
FIG. 4 is a further inventively designed J K-?ip?op. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Two cross-coupled inverters which form a ?ip?op 
circuit are shown in FIG. 1. The ?rst inverter consists 
of the series connection of a transistor T1 and a resistor 
element R1. The end-side terminals 1 and 2 of the series 
connection are respectively wired with the supply volt 
age VDD and the reference potential V55. The second 
inverter, which comprises a transistor T2 and a resistor 
element R2, likewise is at the terminals 1, 2. A circuit 
node 3 which is connected to the base terminal of T2 is 
situated between T1 and R1. A circuit node 5 that is 
connected to the base terminal 6 of T1 lies between T2 
and R2. The resistor elements R1 and R2 which are 
shown as ?eld effect transistors of the depletion type in 
FIG. 1 whose gate electrodes are connected to the 
source terminals can also be realized in some other 
manner, for example as ?eld effect transistors of the 
enhancement type whose gate electrodes are connected 
to the drain terminals, as strip-shaped structures consist 
ing of resistance-affected material, or the like. Simulta 
n_eously, the circuit nodes 3 and 5 represent the output 
Q and the inverted output 6 of the ?ip?op circuit. 
The series connection of a ?eld effect transistor T3 

and a resistor element R3 also lies at the terminals 1 and 
2. The gate of T3 is connected to the circuit node 3. The 
junction 7 of T3 and R3 is connected to the gate of a 
?eld effect transistor T4 whose source-drain segment 
lies between the circuit points 2 and 5. Connected be 
tween the circuit points 7 and 2 is the collector-emitter 
path of a further transistor T5 whose base terminal 8 
represents the control input I of the JK-flipflop. This 
means that the inverted J signal is always supplied to the 
terminal 8. 

In an analogous fashion, a series connection of a ?eld 
effect transistor T6 and a resistor element R4 also lies 
between the terminals 1 and 2, whereby the gate of T6 
is connected to the circuit node 5, and the junction of 
T6 and R4 is connected to the gate of a ?eld effect 
transistor T7 whose source-drain segment is connected 
to the circuit points 2 and 3. The collector-emitter path 
of a transistor T8 whose base terminal 10 forms the 
control input K of the ?ip?op, is inserted between the 
circuit points 9 and 2. This means that the inverted 
signal K is always supplied to the terminal 10. 
The transistors T1, T2, T5 and T8 are realized as hot 

electron transistors of the tunnel emission type. Transis 
tors of this type are known, for example, from Solid 
State Electronics, Vol. 24, 1981, pages 343-366, particu 
larly FIG. 1, incorporated herein by reference. Accord 
ing to the invention, each of these hot electron transis 
tors is combined with a ?eld effect transistor of the 
?ip?op circuit to form a common component, namely 
T1 and T3 to form a component 11, T2 and T6 to form 
a component 12, T5 and T4 to form a component 13, 
and T8 and T7 to form a component 14. ' 
These components, which are identically designed, 

shall be described in greater detail below with reference 
to component 11. FIG. 2 shows a cross-section through 
this component. 
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The component is disposed on a body 15 consisting of 
doped semiconductor material, for example p-doped 
silicon having an impurity concentration of about 
lO15/cm3. Into these two regions n+ doped regions 16 
and 17 which proceed from a boundary surface 15a are 
inserted. They represent the source region and the drain 
region of the ?eld effect transistor T3 whose gate elec 
trode consists of two parts. The ?rst part is formed by a 
metallic or a metallically conductive layer 18 which 
covers that part 190 of the channel region 19 lying 
between 16 and 17 which is adjacent to the region 16. A 
very thin insulator layer 20 lies between the layer 18 
and the boundary surface 15a. The thickness of the 
insulator layer 20 which, for example, consists of Si02 or 
Si3N4, expediently amounts to about 2 to 5 nm. The 
layer 18 advantageously consists of an hmp metal, for 
example Ta, Ti, M0, or W, or of the silicide of one of 
these metals, i.e. TaSig, TiSi2, M0512 or WSi2, and can 
have a thickness of about 10 nm. Situated above the 
layer 18 is a polycrystalline silicon layer 21 having a 
thickness of about 10 to 100 nm and preferably having a 
p-doping which is given, for instance, by a doping con 
centration of 1014 to l015/cm3, whereby boron can be 
employed as the dopant. Situated on the layer 21 is a 
metallic or metallically conductive layer 22 whose 
thickness can be arbitrarily selected but which is prefer 
ably thicker than the layer thickness of 21. The layer 22 
advantageously consists of one of the metals or silicides 
that have already been cited in conjunction with the 
layer 18. The layers 21 and 22 cover the entire channel 
region 19, whereby that part of 22 which laterally 
projects beyond the layer 18 covers the second part 19b 
of the channel region 19. A layer (?eld oxide layer) 
which is electrically insulating covers the surface 15a 
outside of the parts 16, 17 and 19 comprises parts 23 
which are laterally adjacent to the layers 18, 21, and 22. 
The source region 16 is connected to the terminal 2. 

The drain region 17 is connected to the circuit point 7. 
The semiconductor body 15 is connected with the refer 
ence potential at 24. Furthermore, the base layer 18 is 
connected to the terminal 6, whereas the layer 22 is 
connected with the circuit node 3. 
When a voltage that lies above a value referred to as 

first threshold voltage is supplied via the terminal 6 to 
that part of the gate electrode of the ?eld effect transis 
tor T1 which consists of the layer 18, then a depletion 
zone which proceeds from the boundary surface 150 is 
formed in the semiconductor body 15 under 18, 
whereby an inversion layer 25a which forms an n-con 
ductive channel under 18 is built up within the depletion 
zone directly at the boundary surface 15a. The inver 
sion layer 25a represents the emitter layer of a hot elec 
tron transistor (HET) of the tunnel emission type which 
additionally comprises the layers 20, 18, 21 and 22. The 
layer 18 thus forms a metallic or metallically conductive 
base layer of the HET, The insulator layer 20 is situated 
between the layer 18 and the emitter layer 250, and the 
polycrystalline silicon layer 21 represents the collector 
layer of the HET together with the metallic or metalli 
cally conductive layer 22. A collector voltage which 
consists of the voltage at the circuit node 3 in FIG. 1 is 
supplied to the layer 22 via the terminal 3. When this 
voltage exceeds a second threshold voltage which is 
allocated to the part 1% of the channel region 19, then 
an inversion layer 25b is formed under that part of the 
layer 22 which laterally projects over the layer 18, said 
inversion layer 25b forming an n-conductive channel 
between the regions 16 and 17 together with the inver 
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4 
sion layer 250. The fact that a part 20a of the insulator 
layer 20 having a thickness of 15 nm ‘is signi?cantly 
thicker than the remaining parts of this layer, and is 
situated between the second part of the gate electrode 
formed by the layer 22 and the part 19b of the channel 
region 19, is a co-determining factor for the result that 
the second threshold voltage is higher than the ?rst. 

Let the function of the HET be explained below with 
reference to the energetic band structure diagram 
shown in FIG. 3. This shows energy states E provided 
in the direction of the vertical axis which appear as a 
function of various distances x from the inversion layer 
or emitter layer 25a. These distances are provided on 
the x-axis which penetrates the layers of the HET in a 
vertical direction in FIG. 2, i.e. perpendicular to the 
boundary surface 150. Successive segments of the x-axis 
are allocated to the layers 25a, 20, 18, 21 and 22, 
whereby the lengths d25a, d20, d18, d21 and d22 of 
these segments differ from the actual layer thicknesses 
D25a, D20, D18, D21 and D22 of the layers 25a, 20, 18, 
21 and 22 for the sake of a clear illustration. Thus, for 
example, the segment d20 is greatly elongated in com 
parison to the segments d25a, d18, d21 and d22. The 
upper limit of the valency band of the semiconductor 
material of 15 is referenced Evl in the segment d25a 
allocated to the inversion layer 2511, whereas Ec1repre 
sents the energy level of the electrons within the inver 
sion layer 25a. In segment d20, the upper line Eczo rep 
resents the lower limitation of the conduction band of 
the insulator layer 20, whereas the lower line Evzo de 
notes the upper limit of the valency band. The respec 
tive Fermi levels Egg and Epzz are provided in the 
segments d18 and d22, whereas the lower limit of the 
conduction band of the layer 21 is shown by means of 
EC21 in the segment d21 and the upper limit of the va 
lency band is shown therein by means of Em. 
Given a sufficiently low thickness D20 of the insula 

tor layer 20, electrons proceed from the inversion layer 
25a—these being identi?ed in FIG. 3 according to their 
energy level, for example by means of the point 26, and 
proceed through the insulator layer 20 into the base 
layer 18 as a consequence of the tunnel effect, as indi 
cated by means of the horizontal straight-line. They lose 
energy due to scatter at voids and at the crystal lattice 
of the layer 18, this being expressed by the step-shaped 
curve 28. Then the energy of these electrons is subse 
quently high enough so that they can overcome the 
energy threshold 29 at the boundary surface between 
the layers 18 and 21, and they proceed into the collector 
layer of the HET, the collector layer consisting of the 
layers 21 and 22. The magnitudes of the voltages ap 
plied via the terminals 6 and 3 relative to the reference 
potential are referenced V6 and V3 in FIG. 3. 
When the JK-flip?op is situated in its reset condition 

(T1 conductive, T2 inhibited), then a voltage which 
corresponds to a logical “l” and which roughly corre 
sponds to the supply voltage VDD can be tapped at the 
output OVs/Q/ . The output Q lies at about reference 
potential V55, this corresponding to a logical 6‘0”.. As a 
consequence of the low potential at 3, the second 
threshold voltage of T3 is crossed downwardly so that 
the inversion layer 25b of this transistor cannot form 
and its regions 16 and 17 do not have a conductive 
connection. T3 therefore inhibits, even though itsinver 
sion layer 25a is present because of the “l” at Q, and 
thus at the base layer 18 of T1. On the other hang T6 is 
conductive because of the “l” at the output Q with 
which the ?rst and the second threshold voltage of T6 
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is exceeded, even though a “0” is supplied to the base 
layer of T2 via the terminal 4. 

Despite the inhibited transistor T3, the circuit point 7 
is at roughly the reference potential V55 because T5 is 
conductive in the initial condition of the circuit in 
which the input 8 is occupied with a logical “1”. On the 
other hand, the circuit point 9 is applied to roughly the 
reference potential V55 both via the conductive transis 
tor T6 as well as via the conductive transistor T8 to 
which a logical “l” is likewise continuously supplied 
via 10 in the initial condition of the circuit. The transis 
tors T4 and T7 are therefore inhibited so that no in?u 
ence on the switch status of the ?ip?op can occur via 
them. The inversion layers 25:: of T4 and T7 are respec 
tively present in the components 13 and 14, whereas 
their inversion layers 25b are lacking. 
When a logical “l” is brie?y supplied as a J signal» 

this denoting a brief switchover at the inverting input 8 i 

'20 
from the continuously pending “l” to a “0”—, then T5 
is inhibited for the brief duration of the switchover, the 
potential of the circuit point 7 is boosted to about V91), 
T4 is switched into its conductive conditiorL due to the ' 
formation of the inversion layer 25b, and Q is drawn 
down via T4 to the potential V55. This reduction in 
potential is felt at the terminal 6, and inhibits T1. The 
voltage at the output Q thus rises to a “I”, so that T2 
becomes conductive. The ?ip?op has been switched. 
into its set condition (T1 inhibits, T2 conductive). As a 
consequence of the conductive transistors T3 and T5, 7 1 

.is at reference potential V55, whereas 9 is held at V55: 
».due to the conductive transistor T8 despite the inhibited ‘ 
transistor T6. The potentials at 7 and 9 thus inhibit T4 : 
.and T7 so that further in?uence on the ?ip?op circuit is ' 

switchover at the terminal 10 from the continuously‘ 
adjacent “l” to a “0”, is T8 inhibited. Also, the potential . 
:at 9 is boosted to about the value VDD, T7 is switched‘ 

....on, and via T7, the output Q is again applied to V55 or 
"J“0”, this effecting a switching of T2 into its non-con 
1. ductive condition via the cross-coupling of the inverters 
‘T1, R1 and T2, R2. The ?ip?op has thus switched back 

suppressed. _ 

Only given supply of a brief K signal, i.e. given a brief 

into its reset condition. 
When ?nally J and K signals are brie?y supplied to 

the circuit at the same time, this leads to a simultaneous, 
brief switchover from the continuously pending “l” 
signals to “0” signals at 8 and 10. Then the ?ip?op is 
switched from its set condition into its reset condition 
or vice versa given each such switchover. A sequence: 
of “1” signals having half the repetition rate of the sig 
nals at 8 or 10 can thus be tapped at the output Q. 
FIG. 4 shows a second embodiment of a clocked‘ 

J K-flip?op designed in accordance with the invention. i 
This differs from FIG. 1 since only the two series con 
nections T1, R1 and T2, R2 are connected to the termi 

. nals 1 and 2. Differing from FIG. 1, the series connec 
tions T3, R3 and T6, R4 are connected to a terminal 1a 
which is connected with a clock signal 1b. The clock 
signal alternates between the values V55 and VDD, 
whereby the latter value is only reached during the 
appearance of the short-duration clock pulses P. When 
the ?ip?op circuit of FIG. 4 is in its reset condition 
(Q=O), then a “0” supplied to the input 8 and corre 
sponding to the signal I =1 causes a changeover to the 
set condition upon the appearance of the next succes 
sive clock pulse P. When this set condition is. present, 
then a “0” supplied to the input 10 corresponding to a 
signal K: 1, in turn causes a changeover into the reset 
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condition at the appearance of the next respective clock 
pulse P. When a respective “l” is adjacent to both in 
puts 8 and 10, then the switch condition of the ?ip?op 
is changed at the appearance of every clock pulse P. A 
pulse sequence having half the repetition rate of the 
clock pulses P can thus be tapped at one of the outputs, 
for example Q. 
The manufacture of the semiconductor component 

according to FIG. 2 initially corresponds to the tradi 
tional manufacture of a ?eld'effect transistor. After a 
?eld oxide layer 23 which covers the semiconductor 
body 15 in surface-wide fashion has been etched off 
above the channel region 19 and above the regions 16 
and 17, and after an insulator layerhaving a thickness 
of, for example, 15 nm (roughly corresponding to the 
thickness of the part 20a in FIG. 2) has been grown in 
the etched region, an intermediate mask is applied to the 
insulator layer 20a. This intermediate mask leaves only 
the region of the metallically conductive layer 15 free 
with its opening. The insulator layer is etched off to a 
thickness of about 2 to 5 nm in this region, for example 
by means of an etching agent on a ?uorine/hydrogen 
basis. This is indicated in FIG. 2 by means of the re 
duced thickness of the layer 20 above 19a. The layer 18 
is then applied by use of the same intermediate mask. 
After removal of the intermediate mask, a further mask 
which has an opening that de?nes the lateral dimensions 
of the layers 21 and 22 is applied. The layers 21 and 22 
are then successively applied by use of this mask. The 
layer 21 is thus provided with a p-doping whose con 
centration amounts to 1014 through lO15/cm3 before the 
layer 22 is applied. The removal of the mask is followed 
by an implantation of a dopant in order to generate the 
regions 16 and 17, whereby the layers 18, 21 and 22 as 
well as the ?eld oxide layer serve as parts of a doping 
mask (self-adjustment). After the application of leads to 
the circuit points 2 and 7, and which contact the parts 
16 and 17 through contact holes in the insulator layer 
20a, the parts of the ?eld oxide layer that were previ 
ously etched away above the regions 16 and 17 are built 
up again to such degree that the ?eld oxide layers ex 
tend up to the lateral limiting surfaces of the layers 18, 
21 and 22, as indicated in FIG. 2 by the parts 23. A lead 
which contacts the layer 22 and leads to the terminal 3 
is subsequently laid. ' 
According to another preferred embodiment of the 

invention, the semiconductor component 11, 12, 13 or 
14 is built up on a body 15 consisting of a p-doped III-V 
semiconductor compound such as, for example, GaAs 
having a doping concentration of, for example, 1016/cm 
3. The insulator layer 20 preferably consists of AlGaAs. 
The polycrystalline silicon layer 21 is replaced by a 
layer of p-doped GaAs with Be as the dopant, whereas 
the layer 18 is preferably formed of a highly doped, 
n-conductive III-V semiconductor compound, for ex 

. ample GaAs, with Si as dopant. This behaves similar to 
a metal with respect to its electrical conductivity given 
a doping concentration of about lO1s/cm3. The layer 22 
also advantageously consists of the same material as the 
layer 18. V 0 _ 

Given a further embodiment of the invention, the 
' semiconductor component 11, 12, 13 or 15 is designed 
such that the previously described layer 21 is replaced 
by a second insulator layer which corresponds to the 
insulator layer 20 in terms of its structure and thickness. 
When a semiconductor body 15 of p-doped silicon is.v 
provided, the second insulator layer consists of S0; or ‘ 
S13N4. It consists of AlGaAs given a semiconductor‘: 
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body consisting of GaAs. Its thickness preferably 
amounts to about 2 to 5 nm. 
Although various minor changes and modi?cations 

might be proposed by those skilled in the art, it will be 
understood that we wish to include within the claims of 
the patent warranted hereon all such changes and modi 
?cations as reasonably come within our contribution to 
the art. 
We claim as our invention: 
1. An integrated JK-?ip—?op, comprising: 
?rst and second cross-coupled inverters formed of 

respective ?rst and second transistors and respec 
tive ?rst and second resistor elements connected in 
series with the respective ?rst or second transis 
tors; ' 

a ?rst circuit node between the ?rst transistor and 
?rst resistor element being connected to a control 
terminal of the second transistor, and a second 
circuit node between the second transistor and 
second resistor element being connected to a con 
trol terminal of the ?rst transistor; 

said ?rst circuit node being connected via a third 
inverter to a gate of a ?rst ?eld effect transistor 
which has its source-drain path connected between 
said second circuit node and a terminal at reference 
potential, and said second circuit node being con 
nected via a fourth inverter to a gate of a second 
?eld effect transistor which has its source-drain 
path connected between said ?rst circuit node and 
the reference terminal; 

a gate of the ?rst ?eld effect transistor being con 
nected to the reference terminal via a ?rst control 
element whose control input represents a ?rst input 
of the flip-flop, and a gate of the second ?eld effect 
transistor being connected to the reference termi 
nal via a second control element whose control 
input represents a second input of the ?ip-?op; 

the ?rst and second transistors of the ?rst and second 
cross-coupled inverters each comprising a hot elec 
tron transistor (HET) of a tunnel emission type 
having an emitter layer, insulator layer, base layer, 
and collector layer; 

the third and fourth inverters comprising respective 
third and fourth field effect transistors; 

each HET being combined with the respective third 
or fourth ?eld effect transistor such that the HET 
emitter layer comprises an inversion layer in a 
channel region of the respective ?eld effect transis 
tor, the base layer of the HET being a ?rst part of 
a gate electrode of the respective ?eld effect tran 
sistor, an insulating layer between the HET base 
layer and a ?rst part of said channel region, and the 
collector layer of the HET which has a portion 
over the HET base layer representing a remaining 
portion of the gate electrode of the respective ?eld 
effect transistor and which covers a remaining 
second part of the channel region. 

2. An integrated J K-?ipflop circuit according to 
claim 1 wherein said ?rst and second control elements 
comprise HETs which are combined with the respec 
tive ?rst or second ?eld effect transistors such that an 
emitterlayer of the HET is an inversion-layer in the 
channel region of the respective ?eld effect transistor, 
the base layer is a ?rst part of a gate electrode of the 
?eld effect transistor, the insulator layeris positioned 
between the base layer and a ?rst part of the channel 
region, and the collector layer covers a remaining sec 
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8 
0nd part of the channel region with a portion laterally 
projecting over the base layer. 

3. An integrated JK-?ip?op circuit according to 
claim 1 wherein the third and fourth inverters are con 
nected between a ?rst terminal connected with a clock 
signal and the reference terminal whereas the cross-cou 
pled ?rst and second inverters are connected between a 
third terminal connected with the supply voltage and 
the reference potential terminal. 

4. An integrated JK-?ip?op circuit according to 
claim 1 wherein the base layer comprises an hmp metal 
selected from the group consisting of Ta, Ti, Mo, W, or 
a silicide of such metals. 

5. An integrated JK-flipflop circuit according to 
claim 1 wherein the base layer comprises a highly 
doped III-V semiconductor compound provided with 
an n-doping. 

6. An integrated JK-?ip?op circuit according to 
claim 1 wherein the collector layer comprises a metalli 
cally conductive layer and a polycrystalline p-doped 
silicon layer situated between said metallic layer and the 
base layer. 

7. An integrated JK-flipflop according to claim 1 
wherein the collector layer comprises a metallically 
conductive layer and ‘an intermediate layer situated 
between said conductive layer and the base layer, said 
intermediate layer comprising a III-V semiconductor 
compound preferably provided with a p-doping. 

8. An integrated J K-?ipflop circuit according to 
claim 1 wherein the collector layer comprises a metalli 
cally conductive layer and a second insulator layer 
situated between said conductive layer and the base 
layer. 

9. An integrated JK-?ip?op circuit according to 
claim 6 wherein the metallically conductive layer form 
ing one part of the collector layer comprises an hmp 
metal selected from the group consisting of Ta, Ti, Mo, 
W, or a silicide of these metals. 

10. An integrated JK-flipflop circuit according to 
claim 6 wherein the metallically conductive layer form 
ing one part of the collector layer comprises a highly 
doped III-V semiconductor compound which is pro 
vided_with an n-doping. 

11. An integrated .lK-flip?op circuit according to 
claim 1 wherein a thickness of the insulator layer situ 
ated between the base layer and the channel region is in 
a range from 2 to 5 nm. 

12. An integrated JK-flip?op according to claim 1 
wherein the hot electron transistor comprises a second 
insulator layer between a metallic layer and a base layer, 
said second insulator layer having a thickness in a range 
from 2 to 5 nm. 

13. An integrated JF-?ip-?op comprising: 
?rst and second cross-coupled inverters each formed 

of a resistive element connecting in series, at re 
spective ?rst and second nodes, with a hot electron 
transistor (HET); 

third and fourth inverters each formed of a resistive 
element connecting in series, at respective third 
and fourth nodes, with a ?eld effect transistor 
(PET); 

?rst and second circuit means, responsive and con 
trolled by ?rst and second ?ip-flop control signals 
respectively, and each being connected to and 
controlling the third and second and fourth and 
?rst nodes, respectively; 

the HETs of the ?rst and second inverters being 
combined in a single semiconductor structure with 
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the FETs of the respective third and fourth invert 
ers and wherein the HETs are of a tunnel emission 
type having an emitter layer, insulator layer, base 
layer, and collector layer; and 

the HET emitter layer comprising and inversion 
layer in the corresponding FET channel region, 
the HET base layer being a metallic layer separated 
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10 
by the insulating layer from a portion of the chan 
nel region, and the collector layer comprising a 
metallic layer extending over substantially the en 
tire channel region and also functioning as a gate of 
the FET. 

* * * * * 


